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小波函数重构的噪音信号和能量分布图的分析，可揭示钝化膜中的腐蚀活性点数
量和腐蚀溶解趋势。 
3. 利用 Mott-Schottky 电容测试法和光电化学方法测量二次钝化膜的电子结
构和离子迁移特征。结果表明，不锈钢二次钝化膜载流子密度有所下降，电荷传
递和物质传输的降低，强化了钝化膜的耐腐蚀特性。二次钝化膜具有明显的光电
流响应，表现出两个特征禁带宽度 2.1 eV 和 3.0 eV。空气成膜基本没有光电流响
应，从而证明，不锈钢二次钝化膜比空气成膜明显增厚和致密化。 





























厦门大学硕士学位论文                                                              Abstract 
Abstract 
Stainless Steel is a popular material with good comprehensive properties and 
widely used in industries and daily life. However, stainless steel remains corrosion 
problems in various environments. It demands high corrosion resistance in 
manufacture, transportation and marine environments. It has been indicated that the 
secondary passive film (SPF) of stainless steel possesses high corrosion resistance. In 
this work, we focus our study on the characteristic of the chemical composition, 
structure and electrochemical properties, by using physicochemical methods, and to 
make further insight into the corrosion resistance for the SPF of stainless steel.  
 (1) The electrochemical behaviors in the process of secondary passivation (SP) 
of stainless steel in acid solution were studied using electrochemical impedance 
spectroscopy (EIS) and capacitance curve. The following conclusions can be drawn 
out: (a) The SP process is able to enhance the corrosion resistance of stainless steel. 
(b) In SP process, the passive film grows and becomes more compact due to the 
complex anodic dissolution, precipitation and repassivation. (c) The capacitance 
response of passive film dependent on electrochemical frequency in SP process, and 
it is found 1000 Hz of ac frequency exhibits a enhanced impact on SP of stainless 
steel. 
(2) The electrochemical impedance spectroscopy (EIS) and electrochemical 
noise (EN) were used to study the corrosion behaviors and dynamic process of SPF on 
stainless steel: (a) In aggressive solution, the SPF on stainless steel behaves dense and 
steady capacitance characteristic, while competition of corrosion and restoring 
happens in the air-formed film (AFF) of stainless steel. (b) Current transients are 
corresponded to the dissolution of defects and inclusions and also to the growth and 
ceasing of micro pits on passive film in some given environments. It is indicated the 
current transients of SPF decrease and corrosion resistance increases because SPF is 
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match quite well. The numbers of active pits and corrosion trend of passive film can 
be followed by reconstructed noise signal and energy distribution plots from the 
wavelet analysis. 
(3) The electronic structure and ion transportation of secondary passive film 
were investigated by the measurements of Mott-Schottky curves and photocurrent 
spectroscopy. It is indicated that charge carrier density of the SPF is relatively lower, 
as a result, the charge transfer and mass transportation through the passive film 
decrease, The SPF exhibits a remarkable photocurrent response with two bandgaps, 
2.1 eV and 3.0 eV, while nearly no photocurrent response for the AFF can be tested, 
because the thickness and density of SPF is much higher than that of AFF. 
(4) Based on the measurements of some ex-situ methods, including XRD, AES, 
XPS and Ellipsometry of Spectroscopy (SE), we obtained following results: (a) the 
martensite phase on surface of stainless steel can be eliminated by secondary 
passivation, and the homogeneous structure is responsible for high corrosion 
resistance. (b) The major compositions of the SPF are oxides of iron and chromium, 
higher oxygen content implies higher oxidation, and the content of oxides of Cr in 
SPF is higher than Fe oxides. The hydroxide in outer part of SPF plays as a barrier to 
prevent stainless steel from the attack of halogen ions and reduce localized corrosion 
risk. (c) The thickness of SPF is 4-5 times higher than that of AFF. (d) A preliminary 
model of SPF was proposed on all these studies.  
 
Keywords: Stainless steel;  Secondary passive film;  High corrosion resistance; 
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